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(54) Measuring metabolic rate changes 

(57) The invention relates to methods for measuring 
metabolic states or rates or changes therein, such as 
growth rates, dying rates, cell division, metabolite pro- 
duction, and other biological activities of organisms, in 
particular of small multi-cell ular organ isms, of seeds and 
seedlings and of micro-organisms, such as fungi, yeast, 
bacteria, plant or animal cells and cultures thereof. The 
invention provides a method for determining a change 



in metabolic rate of at least one organism comprising 
placing said organism or part thereof in a container and 
repeatedly or continually measuring the concentration 
of a metabolic gas in said container to determine chang- 
es in consumption or production of said gas by said or- 
ganism wherein said gas concentration is determined 
without essentially affecting the concentration of said 
gas in said container. 
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Description 

[0001 ] The invention relates to methods for measuring metabolic states, metabolic rates and changes therein, such 
as growth rates, dying rates, cell division, metabolite production, and other biological activities of organisms, in particular 
5 of small multi-cellular organisms, of seeds and seedlings and of micro-organisms, such as fungi, yeast, bacteria, plant 
or animal cells and cultures thereof. 

[0002] Biological activities of organisms are manifold and are often studied by the chemical, physical, physiological 
of morphological ways they manifest themselves. Culturing organisms, be it micro-organisms in cell culture, plants, or 
others, requires managing these biological activities, and managing these activities often requires measuring the un- 
10 derlying metabolic activities. As an example herein germination of seeds is discussed, however, the invention extends 
to culturing other organisms where similar approaches apply. 

[0003] A new plant formed by sexual reproduction starts as an embryo within the developing seed, which arises from 
the ovule. When mature, the seed is the means by which the new individual is dispersed, though frequently the ovary 
wall or even extrafloral organs remain in close association to from a more complex dispersal unit as in grasses and 

15 cereals. The seed, therefore, occupies a critical position in the life history of the higher plant. The success with which 
the new individual is established -the time, the place, and the vigour of the young seedling- is largely determined by 
the physiological and biochemical features of the seed. Of key importance to this success are the seed's responses 
to the environment and the food reserves it contains, which are available to sustain the young plant in the early stages 
of growth before it becomes an independent, autotrophic organism, able to use light energy. People also depend on 

20 these activities for almost all of their utilisation of plants. 

[0004] Cultivation of most crop species depends on seed germination, though, of course, there are exceptions when 
propagation is carried out vegetatively. Moreover, seed such as those of cereals and legumes are themselves major 
food sources whose importance lies in the storage reserves of protein, starch, and oil laid down during development 
and maturation. 

25 [0005] In the scientific literature the term germination is often used loosely and sometimes incorrectly and so it is 
important to clarify its meaning. Germination begins with water uptake by the seed (imbibition) and ends with the start 
of elongation by the embryonic axis, usually the radicle. It includes numerous events, e.g., protein hydration, subcellular 
structural changes, respiration, macromolecular syntheses, and cell elongation, none of which is Itself unique to ger- 
mination. But their combined effect is to transform an organism having a dehydrated, resting metabolism into an or- 

30 ganism having an active metabolism, culminating in growth. 

[0006] Germination sensu stricto therefore does not include seedling growth, which commences when germination 
finishes. Hence, it is incorrect, for example, to equate germination with seedling emergence from soil since germination 
will have ended sometime before the seedling is visible. Seed testers often refer to germination in this sense because 
their interests lie in monitoring the establishment of a vigorous plant of agronomic value. However, physiologists do 

35 not encourage such a definition of the term germination but in general acknowledge its widespread use by seed tech- 
nologists. It would however be preferable to find a more defined definition. Processes occurring in the nascent seedling, 
such as mobilisation of the major storage reserves, are also not part of germination: they are postgermination events. 
[0007] A seed in which none of the germination processes is taking place is said to be quiescent. Quiescent seeds 
are resting organs, generally having a low moisture content (5-15%) with metabolic activity almost at a standstill. A 

40 remarkable property of seeds is that they are able to survive in this state, often for many years, and subsequently 
resume a normal, high level of metabolism . For germination to occur quiescent seeds generally need only to be hydrated 
under conditions that encourage metabolism, e.g., a suitable temperature and presence of oxygen. 
[0008] Components of the germination process, however, may occur in a seed that does not achieve radicle emer- 
gence. Even when conditions are apparently favourable for germination so that imbibition, respiration, synthesis of 

45 nucleic acids and proteins, and a host of other metabolic events all proceed, culmination in cell elongation does not 
occur, for reasons that are still poorly understood; such a seed expresses dormancy. Seeds that are dispersed from 
the parent plant already containing a block to the completion of germination show primary dormancy. Sometimes, a 
block(s) to germination develops in hydrated, mature seeds when they experience certain environmental conditions, 
and such seeds show induced or secondary dormancy. Dormant seeds are converted into germinable seeds (i.e., 

50 dormancy is broken) by certain "priming" treatments such as a light stimulus or a period at low or alternating temperature 
which nullify the block to germination but which themselves are not needed for the duration of germination process. 
[0009] The extent to which germination has progressed can be determined roughly, say by measuring water uptake 
or respiration, but these measurements give us only a very broad indication of what stage of the germination process 
has been reached. No universally useful biochemical marker of the progress of germination has been found. The only 

55 stage of germination that we can time fairly precisely is its termination. Emergence of the axis (usually the radicle) from 
the seed normally enables us to recognise when germination has gone to completion, though in those cases where 
the axis may grow before it penetrates through the surrounding tissues, the completion of germination can be deter- 
mined as the time when a sustained rise in fresh weight begins. 
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[0010] We are generally Interested In following the germination behaviour of large numbers of seeds, e.g., all the 
seeds produced by one plant or inflorescence, or all those collected in a soil sample, or all those subjected to certain 
experimental treatment. The degree to which germination has been completed in a population is usually expressed as 
a percentage, normally determined at time intervals over the course of the germination period which can be expressed 

5 in so-called germination curves, about which some general points should be made. Germination curves are usually 
sigmoidal, a minority of the seeds in the population germinates early, then the germination percentage increases more 
or less rapidly, and finally few late germinatores emerge. The curves are often positively skewed because a greater 
percentage germinates in the first half of the germination period than in the second. But although the curves have the 
same general shape, important differences in behaviour between populations are evident. For example, curves often 

10 flatten off when only a low percentage of the seeds has germinated, showing that this population has germination 
capacity, i.e., the proportion of seeds capable of completing germination is low. Assuming that these seeds are viable, 
the behaviour of the population could be related to dormancy or to environmental conditions, such as temperature or 
light, which do not favour germination of most of the seeds. 

[0011] The shape of the curves also depends on the uniformity of the population, i.e., the degree of simultaneity or 
15 synchrony of germination. When a limited percentage of seeds succeeds in germinating fairly early/but the remainder 
begin to do so only after a delay the population seems to consists of two discrete groups: the quick and the slow 
germinators. This example also illustrates the point that populations with the same germination capacity can differ in 
other respects. Three respiratory pathways are assumed to be active in the imbibed seed: glycolysis, the pentose 
phosphate pathway, and the citric acid (Krebs or tricarboyxlic acid) cycle. Glycolysis, catalysed by cytoplasmic en- 
20 zymes, operates under aerobic and anaerobic condition to produce pyruvate, but in the absence of 0 2 this is reduced 
further to ethanol, plus C0 2 , or to lactic acid if no decarboxylation occurs. Anaerobic respiration, also called fermen- 
tation, produces only two ATP molecules per molecule of glucose respired, in contrast to six ATPs produced during 
pyruvate formation under aerobic conditions. In the presence of 0 2 , further utilisation of pyruvate occurs within the 
mitochondrion: oxidative decarboxylation of pyruvate produces acetyl-CoA, which is completely oxidised to C0 2 and 
25 water via the citric acid cycle to yield up to a further 30 ATP molecules per glucose molecule respired. The generation 
of ATP molecules occurs during oxidative phosphorylation when electrons are transferred to molecular 0 2 along an 
electron transport (redox) chain via a series of electron carriers (cytochromes) located on the inner membrane of the 
mitochondrion. An alternative pathway for electron transport, which does not involve cytochromes, may also operate 
in mitochondria. 

30 [0012] The pentose phosphate pathway is an important source of NADPH, which serves as a hydrogen and electron 
donor in reductive biosynthesis, especially of fatty acid. Intermediates in this pathway are starting compounds for 
various biosynthetic processes, e.g., synthesis of various aromatics and perhaps nucleotides and nucleic acid. More- 
over, complete oxidation of hexose via the pentose phosphate pathway and the citric acid cycle can yield up to 29 ATPs. 
[0013] Respiration by mature ,, dry n seeds (usual moisture content: 10-15%) of course is extremely low when com- 

35 pared with developing or germinating seeds, and often measurements are confounded by the presence of a contam- 
inating microflora. When dry seeds are introduced to water .these is an immediate release of gas. This so-called "wetting 
burst" which may last for several minutes, is not related to respiration, but is the gas that is released from colloidal 
adsorption as water is imbibed. This gas is released also when dead seeds or their contents, e.g., starch, are imbibed. 
[0014] Keto acids (e.g.; ct-ketoglutarate, pyruvate), which are important intermediates in respiratory pathways, are 

40 chemically unstable and may be absent from the dry seed. A very early metabolic events during imbibition, occurring 
within the first few minutes after water enters the cells, is their reformation from amino acids by deamination and 
transamination reactions (e.g., of glutamic acid and alanine). 

[0015] The consumption of 0 2 by many seeds follows a basic pattern although the pattern of consumption by the 
embryo differs ultimately from that by storage tissues. Respiration is considered to involve three or four phases: 

45 

Phase 1 . Initially there is a sharp increase in 0 2 consumption, which can be attributed in part to the activation and 
hydration of mitochondrial enzymes involved in the citric acid cycle and electron transport chain. Respiration during 
this phase increases linearly with the extent of hydration of the tissue. 

Phase 2. This is characterised by a lag in respiration as 0 2 uptake is stabilised or increases only slowly. Hydration 
so of the seed parts is now completed and all pre-existing enzymes are activated. Presumably there Is little further 

increase in respiratory enzymes or in the number of mitochondria during this phase. The lag phase in some seeds 
may occur in part because the coats or other surrounding structures limit 0 2 uptake to the imbibed embryo or 
storage tissues, leading temporarily to partially anaerobic conditions. Removal of the testa from imbibed pea seeds, 
for example, diminishes the lag phase appreciably. Another possible reason for this lag is that the activation of the 
55 glycolytic pathway during germination is more rapid than the development of mitochondria. This could lead to an 

accumulation of pyruvate because of deficiencies in the citric acid cycle or oxidative phosphorylation (electron 
transport chain); hence, some pyruvate would be diverted temporarily to the fermentation pathway, which is not 
0 2 requiring. 
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Between phase 2 and 3 in the embryo the radicle penetrates the surrounding structures: germination is completed. 
Phase 3. There is now a second respiratory burst. In the embryo, this can be attributed to an increase in activity 
of newly synthesised mitochondria and respiratory enzymes in the proliferating cells of the growing axis. The 
number of mitochondria in storage tissues also increases, often in association with the mobilisation of reserves. 
5 Another contributory factor of the rise in respiration in both seeds parts could be an increased 0 2 supply through 

the now punctured testa (or other surrounding structures). 

Phase 4. This occurs only in storage tissues and coincides with their senescence following depletion of the stored 
reserves. 

10 [001 6] The lengths of phases 1 -4 vary from species to species owing to such factors as differences in rates of imbi- 
bition, seed-coat permeability to oxygen, and metabolic rates. Moreover, the lengths of the phases will vary considerably 
with the ambient conditions, especially the temperature. In a few seeds, e.g., Avena fatua, there is no obvious lag 
phase in oxygen uptake. The reasons for its absence are not known, but it could be because efficient respiratory 
systems become established early following imbibition, including the development of newly active mitochondria, thus 

15 ensuring a continued increase in 0 2 utilisation. Also, coat impermeability might not restrict 0 2 uptake prior to the 
completion of germination. 

[0017] During germination a readily available supply of substrate for respiration must be present. This may be pro- 
vided to a limited extent by hydrolysis of the major reserves, e.g., triacylgylcerols, which are present in almost all parts 
of the embryo, including the radicle and hypocotyl, although their greatest concentration is in storage tissues. It is 
20 important to note, however, that extensive mobilisation of reserves is a postgerminative event. Most dry seeds contain 
sucrose, and many contain one or more of the raff i nose-series oligosaccharides: raffinose (galactosyl sucrose), stach- 
yose (digalactosyl sucrose), and verbascose (trigalactosyl sucrose), although the latter is usually present only as a 
minor component. The distribution and amounts of these sugars within seeds are very variable, even between different 
varieties of the same species. 

25 [0018] During germination, sucrose and the raffinose-series oligosaccharides are hydrolysed, and in several species 
the activity of a-gaiactosiidase, which cleaves the galactose units from the sucrose, increases as raffinose and stach- 
yose decline. Although there is little direct evidence that the released monosaccharides are utilised as respiratory 
substrates, there is strong circumstantial evidence. Free fructose and glucose may accumulate in seeds during the 
hydrolysis of sucrose and the oliosaccharides, but there is no build-up of galactose (e.g., in mustard, Sinapis alba). 

30 Hence, it is probably rapidly utilised, perhaps through incorporation into cell walls or into galactolipids of the newly 
forming membranes in the cells of developing seedling. 

[0019] Virtually all metabolic pathways in living organisms, and not only those related to germination, relate to the 
uptake or release of metabolic gasses, of which the two most important are oxygen and carbon dioxide; examples of 
others are carbon mono-oxide, nitric oxide, nitric dioxide, dinitric oxide, ethylene and ethanol. Classical is the way it 
35 could be demonstrated that oxygen is central to life. A mouse, placed under a glass bulb together with a burning candle, 
died when the flame dwindled and died, showing that also the mouse could not do without the oxygen. Undoubtedly, 
the level of carbon dioxide in the glass bulb was, as a consequence, high. 

[0020] The above example illustrates an archaic way of measuring the underlying metabolic activity of an organism. 
More modern methods have been developed which comprise measuring oxygen or other metabolic gasses in gas or 

40 liquid media. Oxygen, or other gasses, in gas are often measured by analysis with gas-chromatography. In liquid gas 
contents are often measured by flushing some liquid through an electrochemical measurement device. 
[0021] For both types of measurements the sample is in general spilled and cannot be reused for other measure- 
ments. This has a number of further disadvantages: A container with the organism under study has to be opened for 
a gas determination, which may disrupt the activities to be measured or otherwise hinder accurate determination. Also, 

45 for each point in a time series different samples are necessary for which the container has to be opened again. Normally 
this makes the number of samples very large and does not allow for using small containers to begin with. Furthermore, 
sample to sample variability makes it very difficult to get reliable figures and the costs for handling and measuring a 
sample are in general very high. 

[0022] The invention provides a method for determining the metabolic state of at least one organism or part thereof 
so comprising placing said organism or part thereof in a container and measuring the concentration of a metabolic gas in 
said container to determine consumption or production of said gas by said organism or part thereof wherein said gas 
concentration is determined without essentially affecting the concentration of said gas in said container. If no or no 
change in metabolic gasses are detected (in practice for a sufficiently long period), it may for example be assumed 
that the organism is dead or in a hibernating state, in particular now where the invention provides that no gas is con- 
55 sumed by measuring, all changes in gas concentration must thus be attributed to the production and/or consumption 
of a metabolic gas, thus of life, or at least in a state of lifelike activity. 

[0023] In a preferred embodiment, the invention provides a method for determining a change in metabolic state or 
rate of at least one organism or part thereof comprising placing said organism or part thereof in a container and re- 
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peatedly or continually measuring the concentration of a metabolic gas in said container to determine changes in 
consumption or production of said gas by said organism or part thereof wherein said gas concentration is determined 
without essentially affecting the concentration of said gas in said container. In one example of the invention one or 
more seeds are brought in a small container, along with some water to induce the germination process. Seeds can of 

s course be totally immersed in water, which typically allows for measurements to be made in the liquid but usually 
measurement of the air or gas above the seeds will be sufficient. When desired the container is a closed or confined 
space that is essentially not opened during measurements but to which additional substances (oxygen, nutrients, 
growth hormones, etc.) can be added with for example a valve or injection system. Due to the germination at a certain 
point in time the seed(s) will start to consume oxygen and produce carbon dioxide. The oxygen concentration will drop 

10 from the moment the germination starts and the carbon dioxide concentration will rise. The gas concentration is pref- 
erably measured optically. This can for example be achieved by a measuring device which is at least partly set up 
within the container, but measurements can also be made through a clear portion of the wail of the container, which 
for example could be made of glass. 

[0024] In one embodiment, the invention provides a optical method based on fluorescence quenching of fluorescent 
is compounds by oxygen (1 ,2,3,4), to determine the oxygen levels inside a container, preferably without opening it. A 
sample can be measured over and over again in the time, and is not destroyed. Moreover, because the sample is not 
destroyed the number of samples necessary to do a time study is considerably lower compared to conventional meth- 
ods. In a preferred embodiment, the invention provides a method wherein said gas concentration is determined by 
determining the fluorescence quenching of a fluorescent dye, preferably a suitable organo-metal, present in said con- 
20 tainer. For measuring oxygen, an oxygen sensitive dye such as a ruthenium bipyridyl complex, orTris-Ru 2+ 4,7biphenyl 
1,10 phenantrolin; or another Ru (ruthenium) -complex, or another organo-metal complex, such as an Os-complex or 
a Pt-complex, is suitable, for measuring carbon dioxide, or other gasses such as CO, NO, N02, N20, ethylene or 
ethanol, suitable sensitive organo-metal dyes, such as tris[2-(2-pyrazinyl)thiazole] ruthenium II (5) are used 
[0025] For example, the optical oxygen sensing measurement technique used herein is based on the fluorescence 
25 quenching of a metal organic fluorescent dye. The dye which is very sensitive to oxygen, is for example excited by a 
short laser light-pulse of for example 1 microsecond. After the excitation has stopped the oxygen sensitive dye emits 
fluorescent light with a decay curve which depends on the oxygen concentration. The process behind this phenomenon 
is called dynamic quenching. 

[0026] Preferably said dye is present in a gas permeable compound such as silica or a hydrophobic polymer such 
so as a (optionally fluoridated) silicone polymer, in PDMS (polydimethylsiloxane), in PTMSP (polytrimethylsilylpropyl), or 
in a mixture thereof but of course it can be contained in other suitable compounds as well. In a preferred embodiment 
the invention provides a method wherein said dye is present in at least a part of an inner coating of said container, for 
example situated on the inside of an optically transparent part of the container when measurement is from the outside. 
[0027] Measuring can for example be achieved by measuring the fluorescence lifetime. The excited molecules are 
35 deactivated by oxygen in a collision process. The quenching process does not consume the gas (here the oxygen) so 
liquid medium does not necessarily have to be stirred to obtain the measurements. The fluorescence lifetime gets 
shorter because the probability of the molecules to be deactivated gets higher for molecules which stay longer in the 
excited state. The effect is proportional with the quencher concentration. The relation between fluorescence lifetime 
and gas (here oxygen) concentration is given by the Stern Volmer equation (1) 

40 

Y = i+c sv *[o 2 ] 

45 where t 0 is the fluorescence lifetime at quencher (0 2 ) concentration zero, i is the fluorescence lifetime at a specific 
quencher (0 2 ) concentration. C sv is the Stem- Volmer constant and [0 2 ] is the gas concentration. 
[0028] Measuring can also be achieved by measuring the fluorescence intensity. The fluorescent compound is excited 
by a continuously radiating light source such as a LED and the fluorescence intensity is measured. More gas (here 
oxygen) caused less fluorescence. The relation between the oxygen concentration and the intensity is given by the 

50 Stern Volmer equation (2) 

T = 1+C sv* [0 2 1 

55 

where l 0 is the fluorescence intensity at quencher (0 2 ) concentration zero, I is the fluorescence intensity at a specific 

quencher (0 2 ) concentration. C sv is the Stern-Volmer constant and [0 2 ] is the gas concentration. 

[0029] Using the fluorescence lifetime method has the advantage that the measurement is independent of the source 
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intensity, detector efficiency, fluorescent probe concentration etc. A method based on this principle is robust and less 
prone to drift. Moreover, because the quenching process does not consume oxygen or other metabolic gasses, the 
method as provided by the invention is very useful to measure metabolic rate changes of organisms by measuring an 
increase or decrease in metabolic gas production or consumption by said organism or organisms. 

5 [0030] A method as provided by the invention is based on a time gated measurement (Fig.1). In this measurement 
method the fluorescence is determined in two time windows (A and B) after a light pulse. Fluorescence lifetime is a 
function of the ratio between A and B and is proportional to the oxygen concentration. Figure 2 shows an instrumental 
set up. A light source (e.g. LED or laser) is pulsed, the light pulses are filtered and excite the fluorescent dye located 
in the environment where the metabolic gas has to be determined. The resulting fluorescence response is detected in 

10 a detector, the information is digitised, if needed the measurement is corrected (for temperature for example) and the 
gas concentration is calculated and displayed. 

[0031 ] In the detailed description an example of a method according to the invention is shown wherein said organism 
comprises a seed, and wherein said change in metabolic rate denotes germination. However, a method according to 
the invention is as well applicable to register a second respiratory burst as is often identified in phase 3 of germination. 

'5 Of course, the invention provides as well a method wherein said organism or part thereof comprises one or more micro- 
organisms or part thereof such as a protoplast, plastid (e.g. chloroplast) or mitochondrium, comprises plant cell cultures, 
comprises plant tissue explants, whole plants or seedlings, parts or organs of plants such as flowers, leaves, stems, 
roots, sexual organs, tubers, bulbs, fruits, or comprises animal cell cultures, animal tissue explants, parts or organs of 
animals, blood, comprises a bacterium or bacterial cultures, a yeast cell or yeast cultures, a fungus or fungal cultures, 

20 and so on. 

[0032] The invention provides a method wherein said change in metabolic rate denotes cell activity of said organism 
or part thereof or micro-organism or cultures thereof, or, alternatively, wherein said change in metabolic rate denotes 
cell death, and to detect circumstances wherein such cell-activities thrive, or not. A method according to the invention 
is for example useful to detect ( the onset of) sporulation of bacterial cultures, or microbial fermentation. 

25 [0033] Within the field of seed technology, the invention provides a method to determine or monitor a rate of seed 
germination or development, to for example determine proper priming of seed batches. Therewith, the invention also 
provides a seed batch monitored with a method according to the invention. Said seed batches have accurately been 
primed. Similarly, the invention provides a method to determine or monitor a rate of culture development of a cell- or 
tissue-culture comprising use of a method according to the invention and a cell- or tissue culture monitored with a 

30 method according to the invention. Other methods provides for example entail a method to determine or monitor 
processing of waste water comprising use of a method according to the invention, or other processes where micro- 
biological fermentation plays a role. The invention is further explained in the detailed description without limiting the 
invention thereto. 

35 Detailed description. 

Determination of the start of seed germination by oxygen consumption 

[0034] Most of conventional agriculture is engaged in growing plants from seeds. Plant breeding programs are de- 
40 pendent on the germination of the seeds obtained. Therefore the slow or no germination of seeds has a major impact 
on food production and research. The research on dormancy or environmental factors influencing the germination 
requires a simple method to monitor the germination process. 

Methods. 

45 

[0035] One or more seeds are brought in a container, along with some water to induce the germination process. The 
container is closed. Due to the germination at a certain point in time the seed(s) will start to consume oxygen. Because 
the container is closed, the oxygen concentration will drop from the moment the germination starts. This can be mon- 
itored with a special oxygen sensitive coating on the inside of an optically transparent part of the container. An advantage 

so of optical oxygen determination is the fact that the coating itself does not consume any oxygen. In this way the start 
of the germination can be monitored accurately. Up to now only the appearance of a root was an indication of the 
germination. In the experiment the first root showed after 1 0 to 1 4 hours. From the oxygen measurements we see that 
the germination activity showed after 3.5 hours. The oxygen consumption is an early indicator of seed germination. 
[0036] The point where the germination starts can be calculated from the measured oxygen levels, as for example 

55 given in table 1 . The linear extrapolation of the oxygen levels measured after 4 hours in the containers with 1 , 2 and 
3 seeds show an intersection with the oxygen level of an empty container at 3.5 hours after the addition of the water. 
This is the point in time where the metabolism of the germination starts. This is shown in figure 3. Figure 4 shows a 
general course of oxygen levels with seeds in a container and figure 5 an example of a calculation. With this method 
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it is possible to examine the effect of all kind of environmental influences on the germination process, it also gives an 
opportunity to influence the germination process in an early stage. This method is a simple and powerful tool in ger- 
mination research and in the priming of seeds. 



Table 1 



10 



20 



25 



30 



Oxygen content in u.g of a sample container (approx. 1 ml) with a different number of seeds. 


Hours 


Container with 1 seed 


Container with 2 seeds 


Container with 3 seeds 


0.0 


284 


284 


284 


0.5 


263 


271 


261 


1.5 


274 


253 


261 


2.5 


284 


279 


267 


3.5 


274 


261 


270 


4.5 


270 


259 


266 


5.5 


279 


256 


223 


6.5 


277 


253 


227 


7.5 


271 


231 


204 


8.5 


282 


257 


198 


9.5 


269 


227 


160 


11.5 


275 


202 


125 


14.0 


262 


172 


51 


24.0 


220 


41 


1 


29.0 


250 


14 


7 


32.0 


238 


9 


4 


35.5 


226 


8 


4 


38.0 


201 


8 


4 


50.0 


171 


6 


5 


53.0 


191 


8 


5 


61.0 


159 


9 


4 


72.0 


135 


7 


3 
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Figure legends 

[0037] Figure 1 Measurement principle of optical oxygen sensor. 
[0038] Figure 2 Schematic representation of oxygen sensor. 

[0039] Figure 3 Oxygen consumption during the germination of Triumph 1 989 seeds at 25 °C. 
[0040] Figure 4 Oxygen consumption during the germination of seeds. 
[0041] Figure 5 Regression calculation. 
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Claims 

1. A method for determining metabolic state or rate or a change therein of at least one organism or part thereof 
comprising placing said organism or part thereof in a container and measuring the concentration of a metabolic 

5 gas in said container to determine consumption or production of said gas by said organism or part thereof wherein 

said gas concentration is determined without essentially affecting the concentration of said gas in said container. 

2. A method according to claim 1 wherein said container is essentially not opened during measurements. 
10 3. A method according to claim 1 or 2 wherein said gas comprises oxygen. 

4. A method according to anyone of claims 1 to 3 wherein said gas concentration is determined optically. 

5. A method according to claim 4 wherein said gas concentration is determined by determining the fluorescence 
is quenching of a fluorescent dye present in said container. 

6. A method according to claim 5 wherein sard dye is present in a gas permeable compound. 

7. A method according to claim 6 wherein said compound comprises a hydrophobic polymer. 

20 

8. A method according to anyone of claims 5 to 7 wherein said dye is present in at least a part of an inner coating of 
said container. 

9. A method according to anyone of claims 1 to 8 wherein said organism comprises a seed. 

25 

10. A method according to claim 9 wherein said change in metabolic rate denotes germination. 

11. A method according to anyone of claims 1 to 8 wherein said organism comprises a micro-organism. 
30 12. A method according to claim 11 wherein said change in metabolic rate denotes cell activity. 

13. A method according to claim 11 wherein said change in metabolic rate denotes cell death. 

14. A method according to claim 11 wherein said change denotes sporulation. 

35 

15. A method according to claim 11 wherein said change denotes microbial fermentation. 

1 6. A method to determine or monitor a rate of seed development comprising use of a method according to claim 9 or 1 0. 

^0 17. A seed batch monitored with a method according to claim 1 6. 

18. A method to determine or monitor a rate of culture development of a cell- or tissue-culture comprising use of a 
method according to anyone of claims 11 to 15. 

45 1 9. A cell- or tissue culture monitored with a method according to claim 1 8. 

20. A method to determine or monitor processing of waste water comprising use of a method according to anyone of 
claims 1 to 8. 

50 
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